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TECHNICAL FIELD 

The present inve;jr€ion relates to a gas generator for 
actuating vehicle/^ occupant restraint device such as 



H- pretensioner be^s. 



BACKGROUND ART 



c^^^^^^y A pretensioner beiy^is a vehicle occupant restraint 
device for detecting coa^ision and subsequently fastening a 



nj 

PJ seat belt. For fast^ing seat belts, there has been normally 

employed a mechani/Sm of fastening seat belts by gas pressure 
of a gas generMor. 

Such gas generator includes a first hollow body with a 
bottom and sides, gas generants filled In the first hollow body, 
an electric ignitor, and a holder. The electric ignitor is 
formed with a second hollow body with a bottom and sides, 
igniting agents housed in the second hollow body, and a plug 
closing an opening portion of the second hollow body. The 
holder positions the second hollow body in the center of the 
first hollow body, holding the plug of the electrical ignitor. 
The holder fixes the second hollow body in the first hollow 
body, closing the opening portion of the first hollow body. 

A first hollow body f dolled with gas generants and a holde^a^ 
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in which an electrical ignito/is fixed in advance and a second 
hollow body of the electrical ignitor is projected, are 
prepared for this kind c/f gas generator. The holder is put 
on the first hollow body to close the opening portion thereof 
and fixed by a prope/ fixing means. It is difficult to put 
the holder into the first hollow body without leaving an 
excessive empty space at this time since the gas generants are 



4" hand Bolirl-'h 

Q'i Therefore, when the electric ignitor is actuated and the 

f\j gas generants are ignited/ increase in inner pressure by 

Q ignition in the first hollow body is slowed because of the 

PI ! 

excessive ^pty space in the first hollow body. As a result, 
a rupture of a rupture member of the first hollow body is delayed 
and there is an adverse possibility that desired performance 
cannot be obtained. 

Generally, a permissible ignition delay period (the 
period of time between a start of current flow to the electric 
ignitor and a start of discharging gas from the gas generator)* 
is within 2 ms for the seat belt pretensioners of automobiles. 
When the ignition delay period is more than 2 ms, an occupant 
restraint performance cannot be shown sufficiently. 

When excessive empty space exists, a size of a gas 
generator is extended by the empty space. Further, because 
the gas generants are not fixed, powdering thereof by vibration 
of a vehicle is also concerned. When such a powdering 
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phenomenon occurs ^ a combustion velocity of the gas generants 
becomes extremely fast, and then the gas generator may possibly 
be damaged. 

Hence, Japanese Patent Application Laid-open No, Hei 
8-207 694 has disclosed a cup-shaped filling cylinder for 
filling gas generants without leaving an empty space. The 
second hollow body of the electric ignitor projects inwardly 
from the bottom of the cup-shaped filling cylinder ♦ The 
cup--shaped filling cylinder opens upwardly from the second 
hollow body of the electric ignitor. 

First, in the gas generators having the above-mentioned 

cup-shaped filling cylinder, the gas generants are filled in 

fl'i 

the cup-shaped filling cylinder thereof without leaving an 



P 
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empty space. Then, the first hollow body is put on the 
cup-shaped filling cylinder to cover the opening portion of 
the cup-shaped filling cylinder. When the gas generants are 
filled in the first hollow body in this way, it is possible 
to fix the second hollow body of the electric ignitor in the 
first hollow body without forming an excessive empty space 
therein. 

Howeverwi filling cylinder needs to be newly provided 
irythis case/As a result, in addition to increase of a component 
count, simplification of the manufacturing process cannot be 
expect;^. 

t is an object of the present invention to provide a 
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gas generator for actuating ve^cle occupant restraint device 
with a small component coupt, excellent in ignitability, and 
capable of being miniafcdrized. 
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/^-^ inventors to solve the above-men 




As a result of eager investio^^l^lon of the present 

foned problem, the present 
inventors have found that it^ important to regulate a ratio 
of an empty space to an ^^>ilner volume of the first hollow body 
2 to achieve the present invention. 

The present invention relates to a jg^s generator for 
actuating vehicle occupant restraint d^^ce comprising a first 
hollow body 2 with a bottom and si^d^, gas generants 6 densely 
filled in the first hollow fe^Hy 2, electric ignitor 4 formed 
by housing igniting ag^yfis 4b in a second hollow body 4a with 
a bottom and sides thCen closing the second hollow body 4a with 
a plug 4c, and ar^holder 1 positioning the second hollow body 
4a in the c^ter of the first hollow body 2 while fixing the 
first hojriow body 2 and holding the plug 4c of the electric 
ign^^tbr 4 . 

In a first gas generator of the presentjkfivention, a ratio 
of an empty space to a volume of a space^rtitioned by an inner 
surface of the first hollow bodw^ an outer surface of the 
second hollow body 4a and ^Ke holder 1 (hereinafter it is 
described as full volump^T is less than 20 % by voliome. The 
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empty space and the ratio of the exp^ty space by volume are 
calculated by using 

empty space = full volume^^ filling volume • • ■ (1) 
ratio of an empty space>^y volume 

= empty space voljitoie / full volume X 100 • ■ • (2) 



5i: Fundamentally, a space that exists among the particles 

of filled gas generant compositions is not regarded as a gap. 



And the filling volume means a necessary volume for gas 
p generanta filled in a dense state to substantially exist in 



f\j the full volume. 

PJ 



~? ^"^^^^^"^^ to the first gas gen^j^tor of the present 
invention, l5ecause the ratio of th^empty space to' the full 
volume of the first hollow body 2^s less than 20 %, the first 
hollow body 2 is substantiaidy full of the gas generants. 
Therefore, ignition ene;?^y of the electric ignitor 4 is 
transmitted efficient2:y and the time for raising for inner 
pressure of the f^st hollow body is shortened. 

~y Accordingly, in the case an electrical ij^itor with small 
ignition power is used, there is no possibijl^ity that an ignition 
delay occurs. In addition, because fejfe first hollow body 2 
is substantially full of the gas g^^rants, the gas generants 
are prevented from being powd^r^d by vibration of vehicles. 
To ensure above-mentioned >^t ion, it is preferable that the 
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ratio of empty spsLce^J^'-T&ss than 15 s, further preferably, 
less than 10 

The conventionai^cup-shaped filling cylinder is not 
nec|6ssary, thereby i^koviding reduction of component count. 

7 ^ second gas generator of/the present invention is 
characterized in that the ga^ generants 6 are powdery or 
granulated and filled in a >dompressed state, in addition to 
the above-mentioned characteristics of the first gas generator. 
As examples of compre^ible gas generants, there are powdery 
or granulated no;Kf-azide gas generants, propellant gas 
generants and t^Jfe like. 
<^y^^^ According to the second gas gen^ator of the present 
inv|fention/ the gas generants are powdery or granulated. 
Therefore, the gas generants can be/ filled without leaving 
space and a ratio of the empty space a4n be easily predetermined. 
Because the gas generants are fi/led in a compressed state, 
the filling density is heighteiied and the gas generator is 
miniaturized. Combustion velocity can be adjusted by 
adjusting a filling weight a*id a compression height (i.e. a 
height of a surface formed/ with the filled agents). It is 
preferable that the averagfe particle size of material of the 
powdery or granulated ga^ generants is adjusted so as to fall 
into the range of 10-300 /im including 10 /im and 300/lm. It is 
preferable that the compression degree of the gas generants 
falls into the range ok 30-100% including 30% and 100% in case 
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that the compression ^^<3^^ of the gas generants is regarded 
as 100% when the gas ge^^ants are compressed with the density 
equal to the true de^ity. 

The powdery or granulated gas generants, adjusted to be 
in the predetermined range mentioned above, can be hardened 
into a predetermined form by compression at a predetermind 



pressure. 



Sj^^ third gas generator of the pre^^nt invention is 

characterized in that a part of the fu^^volume is filled with 
a spacer 7 inserted between outej^^rfaces of the sides of the 
second hollow body 4a and^.iilner surfaces of the sides of the 
first hollow body^^g^ in addition to the above-mentioned 
characteristip^ af the first or the second gas generator. 
•^^o According to ' the third gas gerj^ator of the present 
invention, an empty space betweenylfhe outer surfaces of the 
sides of the second hollow bodv/4a and the inner surfaces of 
the sides of the first holLerW body 2 can be filled with the 
spacer 7. Therefore, even/lf a fom of the gas generator cannot 
be modified for reM<to of a design of a vehicle occupant 
restraint device, i/fc is possible to lower the ratio of the empty 
space. As a re^lt, the first hollow body 2 is substantially 
full of the generants 6, thereby an excellent ignitability 
is obta:^^d. 

An empty space in this gas generator is calculated by 

using 
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empty space 

= full volume - { filling volume + volume of a spacer) 

■ ■ ■ (!') 

Further, when the length of the spacer is adjusted 

^ according to the lengths of the first hollow body and the second 

j; hollow body, it is possible to adjust the full length of the 

g'i Qgas generator without eliminating an excellent ignitability . 

S tP^) Pa^rticularly, a configujfation where the spacer is 

P located around the electric / ignitor, is desirable. The 

electric ignitor may be formed so as to include the spacer 

depending on circumstances./ Thereby, ignition energy is 

concentrated on the gas ger/erants, and the ignitability is 

maintained. The spacer /remains fixing on the electric 

ignitor after the gas gen/brator is actuated. 

Rigid material is desirable for the spacer. For example, 

the spacer is made of aluminum, plastic, glass fiber, and the 

like and formed into a doughnut shape, a mesh shape, and the 

like. When the spacer is made of a gas generant composition 

with the same form as mentioned above, it is possible to 

increase the output of the gas generator. 

^ A forth gas generator of thjeTpresent invention is 
/All / 

characterized in that the gas^-^enerants 6 are compressed in 
advance and filled in th^-^lrst hollow body 2 so that a concavity. 
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in which the second hollow b6dy 4a is inserted, is formed, in 
addition to the above-motioned characteristics of the first 
or the second gas g^efherator, 

y According to the forth gas gener^or of the present 



^5 



invention, the gas generants are compressed in the first hollow 
body 2 in advance so that the con(;^ity, in which the second 
hollow body 4 is inserted, is forjtfed. Therefore, when the second 
hollow body 4a is inserted ^^to the first hollow body 2, the 
second hollow body 4a isX^rrounded by the gas generants. The 
ignition energy of th/electric ignitor is transmitted to the 
gas generants surrounding the second hollow body 4a without 
waste. Therefoi^, there is no possibility that an ignition 
delay occurs/ For compressing the gas generants 6 into a 
concave sh^e in the first "hollow body 2, convex compressing 
tools mav be used. 

A fifth generator of the pr^a^nt invention is 



characterized in that gas generants ^^^ncompressible or hard 
to compress are filled densely aiid a part of the full volume 
is filled with the spacer 7 ix^sirted between the outer surfaces 
of the sides of the second^ol low body 4a and the inner surfaces 
of the sides of the^rst hollow body 2, in addition to the 
above-mentioned^/dharacteristics of the first gas generator. 
In the gas generator of th^ present invention described 
bv^, the excessive empty sp^^ in the first hollow body can 
be reduced, thereby improving Mie problem for an ignition delay 
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of the gas generator . Further^^;feiie gas generants are prevented 
from being powdered by vi^ation of vehicles. Thus, the gas 
generator of th^^^resent invention is excellent in 
ignitabilitv^iid reduced in size though it is manufactured in 
a manuf ap*:uring process almost the same with the conventional 

OTli 



BRIEF DESCRIPTION OF THE DRAWINGS 



Q°i tfS^-^'^^^.o.ty 1 is St sectional vi^ of the embodiment 1 of the 



q 

P I present invention; FIG. 2 is a s4ctional view of the embodiment 

a / 

Q 2 of the present invention;/ FIG. 3 is Table 1 showing the 

T'J / 

rj relationship of the ratio fit the empty space by volume and 



ignition delay period of ythe gas generator. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The embodiments of the present invention will bs 
described below with reference to the drawings. 
<^>^^"|FIG. 1 is a secti^al view of the embodiment 1 of the 
present invention. FIg/z is a sectional view of tlfe embodiment 
2 of the present invention. 

In FIG. 1 a gas generator 11 includes a first hollow body 
.2 with a bottom and sides, gas generants 6 filled in the first 
hollow body 2, an electric ignitor 4, a holder 1, and a spacer 
7. 

A bottom of the first hollow body 2 is provided with a 
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rupture portion 2a thin in wall thickness. The first hollow 
body 2 is press- formed so as to have two sections consisting 
of a small diametral portion on a bottom side and a large 
diametral portion which is a main portion. An end of the main 
portion is bent to be a flange 2b. 

The electric ignitor 4 has a second hollow body 4a with 
a bottom and sides, igniting agents 4b housed in the second 
hollow body 4a, a plug 4c to close an opening portion of the 
second hollow body 4a, and two pins 4d standing on the plug 
4c. The two pins 4d are connected to a bridge wire (not shown) 
being in contact with the igniting agents 4b. 
^*^)'^Jlhe holder 1 fixes the first hollow bod^ 2 positioning 
the second hollow body 4a in the center of /the first hollow 
body 2 . Further, the holder 1 supports the plug 4c by a caulking 
portion lb with an O-like ring 5 around ari outer circumference 
of the plug 4c. The O-like ring 5 is employed for use in seal. 
The holder 1 projects a part of the/second hollow body 4a of 
the electric ignitor 4 into the first hollow body 2, and allows 
parts of the pins 4d to be connected to a connector (not shown) . 

An insulation ring 3 is fitted to A hole la in back of 
the holder 1 to ensure insulation. Thfe caulking portion lb 
for supporting the plug 4c is inserteld in the opening portion 
of the first hollow body 2. By the/caulking portion Ic of the 
holder 1 on the flange 2b of the filrst hollow body 2, the first 
hollow body 2 is fixed on the /holder 1 in a seal condition. 
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As means for fixing the f'irst hollow body 2 on the holder 
1, adhesive, crimping, castdAg and the like may be employed. 

A space partitioned by an inner surface of the first 
hollow body 2, an outer surface of the second hollow body 4a 
and the holder 1 is capable of housing gas generants* The gas 
generants 6 and the spacer 7 are located in this space. 

\Y "^^^ spacer 7 is in a cylindrical shape, whe^^e^ diameter 
of the inner circumference thereof is subsj^^tially the same 
with the one of the outer circumf erep<5e^ of the second hollow 
body 4a and a diameter of the Qwrfier circumference thereof is 
substantially the same wiy3<€he one of the inner circumferences 
of the first hollow>^dy 2. The spacer 7 is inserted between 
the outer sur^^es of the sides of the second hollow body 4a 
and the >riher surfaces of the sides of the first hollow body 




A length of the cylindrical spacer 7 is determined so 
that the later-described ratio of the empty space by volume 
is less than 20 %, in consideration of the later-described 
filling volume of the gas generants. 

^^aJI^ the case that the gas generan;fe^ 6 are incompressible 
oFh^rd to compress e.g. smokeless powder or press^formed non 
azide gas generants, the gas gene/ants are densely filled in 
the first hollow body 2 on the/bottom side thereof. In the 
case that the gas generants are compressible and powdery or 
granulated, the gas generants are densely filled in the first 
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hollow body 2 on the bottom side thereof in condition hardened 
by a compression . h in the drawing refers to a distance between 
the bottom of the first hollow body 2 and the filling surface 
(i.e. the surface formed with filled agents) . 

It is possible to increase a weight of the gas generants 
6 by shortening the length of the spacer 7. Further, when the 
spacer 7 is made of a gas generant composition, a space for 
housing the gas generants of the first hollow body 2 is not 



Q 

wasted and the amount of generated gas can be increased 

m 

R i 

3 



y<2>^'*^J^he volume of a space, which i/s partitioned by an inner 
surface of the first hollow body A, an outer surface of the 
second hollow body 4a and the ho/der 1 and capable of housing 
the gas generants, is written iith a word of a full volume. 

According to the present invention, a volume and a form 
of the spacer 7 and a filling volume of gas generants are 
determined so that the ratio of an empty space, which is not 
filled with the spacer 7 and the gas generants, to the full 
volume is less than 20 % by volume, preferably less than 10 %. 

Fundamentally, a space that exists among the particles 
of filled gas generant compositions is not regarded as a gap. 
And the filling volume means a necessary volume for gas 
generants filled in a dense state to substantially exist in 
the full volume. 

Specifically, the filling volume of the gas generants 
filled in the first hollow body 2 on the bottom side thereof, 
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shown in FIG. 1, is calculated in consideration of a distance 
h between the bottom of the first hollow body 2 and the filling 
surface (i.e. a surface formed with the filled agents), an inner 
diameter of the first hollow body 2, and an outer diameter of 
the second hollow body 4a. 

A volume of the empty sn4ce and the ratio thereof are 




N- calculated by using 

Q 
O 

volume of an empty space 



- full volume - (filliiJg volume + volume of a spacer) 

Cj ) ■■•(!') 

ratio of an empty space by /volume 

= empty jfepace volume / full volume X 100 



In the gas generator where the gas generants 6 and the 
spacer 7 are located, it is possible that the ratio of the empty 
space to the full volvmie is less than 20 %, further, less than 
10 %. The full volume is a volume of the space partitioned by 
the inner surface of the first hollow body 2, the outer surface 
of the second hollow body 4a and the holder 1. 
^^2>j5^Particularly, in the case that the gas generants are 
incompressible or hard to compre/ss e.g. smokeless powder or 
press-formed non azide gas generAnts, the gas generants cannot 
be hardened into a predetermined shape by a compression so as 
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to fit a space for housing the gas generants of the gas generator. 

Therefor©/ it is pref^i^ble to use the spacer not to form an 

excessive empty sp^e. 

The above-mentioned gas generator is manufactured by the 

following steps. In the case that the gas generants are 

incompressible or hard to compress e.g, smokeless powder or 
Q press-formed non azide gas generants, the gas generants are 

1= densely filled in the first hollow body 2 on the bottom side 

g»i thereof. In the case that the gas generants 6 are compressible 

pj and powdery or granulated^ the gas generants are densely filled 

O in the first hollow body 2 on the bottom side thereof in the 

PJ 

pj state hardened by coicqpression. 

Q The electric ignitor 4 is supported by the holder 1 and 

the spacer 7 is fitted around the outer circumference of the 
second hollow body 4a of the electric ignitor 4. Then, the 
holder 1 is fitted to the first hollow body 2 and fixed by the 
caulking portion Ic. Thus, the gas generator of which inner 
space is regulated, is manufactured in a process almost the 
same with the conventional one. 

FIG. 2 shows a gas generator without a spacer, in which 
the gas generants 6 are compressed to be concave to fit the 
second hollow body 4a. The gas generants 6, which are powdery 
or granulated and compressible, are suitable. The portions 
functioning the same way with those of FIG, 1 are referred to 
by the same reference numerals and the description is omitted. 
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^^he gas generants 6, which are coi^ressible and powdery 
oir granulated, are densely filled in ^Khe first hollow body 2 
on the bottom side thereof in /th& state hardened by a 
compression to have a concavit^a to which the second hollow 
body 4a of the electric ign^^or 4 is just fitted. H in the 
drawing refers to a dista;?(be between the bottom of the first 
hollow body 2 and the billing surface (i.e. a surface formed 
with the filled ag^ts) . 

^^ytn the embodii^nts of the present invention, a filling 
volume of the gas>^enerants 6 are determined so that the ratio 
of an empty sp^e, which is not filled with the gas generants 
6/ to the full vol\ame is less than 20 % by voliame, preferably 
less thai>/lO %. 

^■^yy In the case that the ^ar^generants 6 are compressed in 
the first hollow body 2 ^n advance to be concave to fit the 
second hollow body 4^ as described above, the second hollow 
body 4a is surroui>ded by the gas generants only by inserting 
the second holWw body 4a in the first hollow body 2 and fixing 
by the caulking portion Ic of the holder 1. Therefore, the 
inner emp^ space of the gas generator is reduced compared to 
the conventional one. 

In a case that compression degree^f the gas generants 
in the above-mentioned gas generatpr^f the present invention 
compressed until being equal^o the true density thereof is 
regarded as 100 %, compression degree preferably falls in a 
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range of 30-100 % including 30% and /oo % so that the gas 
generants can be compressed into /a predetermined form. 
Concretely, the compression degree' is calculated by using 



m 
o 



compression degree [%] 

= (weight of gas generanta^ per 1 cm^ of a filling volume 
-r true density of gaf generants) X 100 




In the following, the examples of the present invention 
will be described in detail. All members included in the gas 
generators employed in the following examples and comparative 
examples, such as electric igniters, o-like rings or holders, 
are of the same standard or type, — 
(Example l] 

>J^In the gas generator s^own in FIG. 2, the gas generants 
itaining 33.8 I by w^dTght of 5-aminotetrazole, 30.5 % by 
weight of ammonium p^chlorate, 31.0 S by weight of strontium 
nitrate, and 4.7^by weight of synthetic hydrotalcite were 
employed. The^rue density was 2 . 18 g/cm'. The gas generants 
were powdery> of which particle mean diameter is 50 ;^m , and 
compr e s s ipl e . 

|j^*A gas generants of 1,9 g/were weighed and filled in the 
first hollow body. Then, the gas generants were compressed 
for forming a concavity un/il the filling volume. was 2.11 cm^. 
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The full volume of the gas generator is 2.3 cm^. The empty 
space calculated by the equation is 0.19 and the ratio is 8,3 % 
by volume. The weight of the gas generants per 1 cm^ of the 
filling volume is 0,9 g and the compression degree is 41,3 %, 
^fj^^ FIG, 3 show^k^he ratio of the empty space by volume and 
Ignition dela\/period of the gas generator obtained in this 



M way as Tab>B 1. 

CExampye 2] 



S ^/^^...^UA^ generator shown in FIG. 2, the same gas 

/g^J^^en^^nts as those used in the Example 1 we^/g employed. The 
^ true density was 2.18 g/cm^. The gas generants were powdery, 

ft I / 

p'J of which particle mean diameter is 50 Jim, and compressible. 

Qj^^^'lThe gas generants of l.T^^were weighed and filled in 
/ the'tlrst hollow body. Then/^he gas generants were compressed 
for forming a concavit^/iantil the filling volume was 1.89 cm^. 
The full volume of^he gas generator is 2.3 cm^. The empty 
space calcula^^ by the equation is 0.19 cm^ and the ratio is 
17.8 % by vblume. The weight of the gas generants per 1 cm^ 
of the filling volume is 0.9 g and the compression degree is 
41.3/%. 

FIG. 3 shows the ratio of the empty space by volume and 
ignilfion delay/period of the gas generator obtained in this 
way as Table/l. 

[Example /3D 

In the gas generator shown in FIG. 1, the spacer of 0.4 
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cm^ volume was fixed aroxind the second hollow body of the 
electric igniter. 

) The same gas generants as those uped in the Example 1 
were employed. The true density was/2.18 g/ cm^. The gas 
generants were powdery, of which p^ticle mean diameter is SO 
Umr and compressible. The gas a^nerants of 1 .5 g were weighed 
and filled in the first holl^ body. Then, the gas generants 
were compressed until th^ filling volume was 1.67 cm^- The 
full volume of the gas/generator is 2-3 cm^. The empty space 
calculated by the eqdation is 0.23 cm^ and the ratio is 10.0 % 
by volume. The weight of the gas generants per 1 cm^ of the 
filling volume ^ 0.9 g and the compression degree is 41.3 %. 
^y^^^FIG. 3 show^he ratio of the empty space by volume and 
ignition delav^eriod of EEie gas generator obtained in this 
way as Table/ L . 
CExampley4] 

In the gas generator shown in PIG. 1, the spacer of 0.4 
cm^ volume was fixed around the second hollow body of the 
electric ignitor. 



'J;y^^^The gas generants contain>4ig 98,0 % by weight of 
nitrcjfcellulose^ 1.0 S by weight/of diphenylamine^ and 1.0 % 
by weight of potassium sul/fate were employed* The gas 
generants were incompressible , of which particle is 
press-formed into a cylindrical shape having 0 , 7 mm of an outer 
diameter, 0.2 mm of an>anner diameter, and 1»3 mm of a height. 
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Phe gas generants of 1.3 g Were weighed and filled in 
the f^rst hollow body. Then t^ gas generants were filled 
densely without compression lu^til the filling volume was 1.73 
cm^* The full volume of the g&s generator is 2*3 cm^. The en^ty 
space calculated by the ey^uation is 0* 17 and the ratio is 7,4 % 
by volume. The weight/of the gas generants per 1 cm^ of the 
filling volume is 0(/75 g. 

FIG» 3 shows the ra^icJ^of the empty space by volume and 
ignition delay periocr Dt the gas generator obtained in this 
way as Table 1. 

Ccomparative Example l] 

The gas generator in the Compara^jVe Example 1 is 
equivalent to the gas generator shown yin FIG* 1 except the 
spacer, arid* an example of the gas g^x^erator where"" the ratio 
of the empty space by volume is n/ less than 20 %. 
^>*^^^^he same gas generai^s as those used in the Example 1 
wer^ employed. The true/density was 2.18 g/ cm^. The gas 
generants were powdery/ of which particle mean diameter is 
SO /4m/ and compressible. 

\^^^jC^he gas generants of 1.5 g 



weighed and filled in 
the' fi/rst hollow body. Then, the ga^generants were compressed 
until the filling volume was 1.67 cm'. The full volume of the 
gas generator is 2.3 cm^. Tho^ empty space calculated by the 
equation is 0.63 cm^ and th/ ratio is 27.4 % by volume. The 
weight of the gas generazvts per 1 cm^ of the filling volume 
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is 0.9 g and the compressloiy^iegree is 41.3 %. 

'FIG. 3 show/ the ratio of the empty space by volume and 
igni/bion delav/period of the gas generator obtained in this 
way as Tabl^^ 1. 

Generally, a permissible ignition delay period is in 



seat belt pretensioners for autpitobiles is within 2 ms. When 
a delay more than 2 ms occurs, ah occupant restraint performance 
cannot be shown suf f ici^Tftly. 
^^>^^^ ^According to Table 1, i^ition delay period in Example 
1, 2/ 3, 4 are short being i^ss than 2 ms. The ignition delay 
P period in Comparative E^^mple 1 is substantially longer than 

pi 2 ms compared to thoseT in Examples. Accordingly, it is shown 



p that the ratio of tlie excessive apace i,e, the empty space in 

the first hollow/body causes a considerable ignition delay of 
the gas generator. 



INDUSTRIAL APPLICABILITY 

The gas generator of the present invention is most 
suitable for actuating vehicle occupant restraint device, 
particularly, for a gas generator with a small component count, 
excellent in ignitability, and capable of being miniaturized. 
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